CHAPTER 6

SMALL POPULATIONS AND GENETIC DRIFT

The race is not always to the swift, nor the battle to the strong, for
time and chance happens to us all.

Ecclesiastes 9:11
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Assumptions of Hardy-Weinberg model

1. Random mating.
2. No mutation.
3. Large (infinite) population size.

4. No differential survival or reproduction
(1.e., no natural selection).

5. No immigration
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Work with a student beside to you. One person will be a
selfing "plant", and the other will be a "recorder". The
plant 1s initially heterozygous (HT) at the coin-flipping
locus which has two alleles: H & T. The plant-person
will flip a coin twice to determine the genotype of the
next generation. The experiment ends when the plant 1s
homozygous: HH or TT.

Record the following information:
GENERATION GENOTYPE
0 HT
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Gen HH HT TT Hobs H*exp
1.00 1.00
0.50
0.25
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0.02
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Genetic drift has two primary effects on the
genetic composition of populations:

(1) Change 1n allele frequencies.




(1) Change 1n allele frequencies.

95% interval

p=0.6;N=10
p =0.6+2(0.11)=0.6+0.22
0.28 — 0.82

95% of the time



Probability that new
frequency is exactly 0.6
IS approximately 18%
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(2) Loss of genetic variation.
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According to

only 50% of the heterozygosity will be lost during
a “bottleneck” of just two individuals.

Do you think that just two individuals will contain
50% of the genetic variation 1n a population or
species?

Why not?



Measures of genetic variation:
(1) Heterozygosity
(2) Allelic diversity

Two 1ndividuals can carry a maximum of
four alleles.



Molecular Ecology 1997, 6, 487492

SHORT COMMUNICATION

Analysis of microsatellite DNA from old scale samples
of Atlantic salmon Salmo salar: a comparison of genetic
composition over 60 years

E.E. NIELSEN, M.M.HANSENt and V. LOESCHCKE
Department of Ecology and Genetics, University of Aarhus, Ny Munkegade, Building 540, 8000 Aarhus C, Denmark
tDanish Institute for Fisheries Research, Department of Inland Fisheries, Vejlsovej 39, 8600 Silkeborg, Denmark

Abstract

Microsatellite analysis was applied to scale samples of Atlantic salmon collected up to 60
years ago. Samples from the 1930s, from a now endangered Danish population, were
compared with recent samples (1989), to test if the present population consists of descen-
dants from the original one. Allele frequencies had changed over time, but individuals
from the two samples caught about 60 years apart clustered together when compared with
the closest neighbouring population and another reference population. However, fewer
alleles were detected in the recent sample from the endangered population, most likely
due to a population bottleneck or sampling artefacts.




Skjern River Skjern River
Allele 1989 1930s Conon Atran

177 0.007
179 0.010
181 0.007
183 0.316
187
189
191
193 0.076
195 0.330
197 0.017
199 0.073
201 0.142
203
209
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Skjern River Skjern River

1989 19305 hets + homos = total

0.007
0.010
0.007
0.316
0.003
0.003
0.003
0.076
0.330
0.017
0.073
0.142

H; 0.452  0.528




Population Bottlenecks

Source

\ 4

1 Bottleneck

A

Established



Bottlene

cks & Loss of Allelic Diversity

The probability of an allele being lost during a
bottleneck of size N 1s

In general
individual

, 1f a population 1s reduced to N
s for one generation then the expected

total num!

ver of alleles (#°) remaining 1s

E(n')=n— Z(l - P, )"
j=1



A bottleneck will cause loss of rare alleles.
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Heterozygosity

Brown bears

(8 microsatellite
loct)
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Allelic diversity 1s generally lost more
quickly than heterozygosity.




Eftfects of genetic drift

(1) Changes 1n allele frequency

Increase 1n frequency of harmful alleles.
(2) Loss of allelic diversity

For example, MHC & disease resistance
(3) Inbreeding and loss of heterozygosity

Inbreeding effect of small populations



(1) Changes 1n allele frequency
Increase 1n frequency of harmful alleles




DOG BREED

dalmatians

Afghan hounds
laplands
beagles
malamutes

golden retrievers

Labrador retrievers
collies

cocker spaniels

COMMON PROBLEM

kidney stones;
deafness

limb paralysis

muscular dystrophy
hemolytic anemia
anemic dwarfism

hip dysplasia;
lymphatic cancer

dwarfism
blindness

hernias




(2) Loss of allelic diversity
For example, MHC & disease resistance

Allelic diversity 1s much more sensitive
to bottlenecks than heterozygosity.

Blackbirds:
37 alleles!

3.0 4.5

Frequency of Alleles (%)

Major Histocompatibility Complex (MHC)



Bottleneck N=2

Heterozygosity
h=1-—(1/2N) ="75% retained

At most 4 of 37 alleles retained:
A=1-(33/37) = 11% retained



Why Did They Die?

Science 258:1739-1740.
1992.




Human MHC alleles (A & B loci).

Human Group
Africans
Europeans
South Amerinds
North Amerinds

Polynesians

Sample
1,432
1,069
1,944
1,163

12,243

No. alleles
40
37
10
17
14



(3) The inbreeding effect of small populations

Inbreeding will occur in small populations and cause
a loss of heterozygosity (A).

F1s the inbreeding coefficient and represents the
loss 1n heterozygosity (#) due to mating between
relatives (1.e., F'=1 - h). The increase 1n
homozygosity (and an equal loss of heterozygosity)
due to genetic drift will occur at the following rate

per generation: AF = 1/(2N)
Ah = -1/(2N)



Effects of inbreeding and small population size

RATE OF MORTALITY

STAGE OF PARENTS PARENTS RELATIVE
MORTALITY UNRELATED FIRST-COUSINS SURVIVAL

Miscarriage - 0.129 .145 97%
Stillbirths .044 .111 l93%
Postnatal 024 .081 94%
Infant | .089 .156 93%
Juvenile | .160 . 92%

Young adult

Total



Callimico

0.1 0.2
F (Inbreeding coefficient)

Relationship between inbreeding (F) and
infant survival 1n captive callimico monkeys.




Inbreeding depression in zoo animals

® Ungulnlus
O Primales
O Small mammals
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brother X sister

Relative Survival

| | |
0.1 0.2 0.3

Inbreeding Coefficient

Mean reduction in relative juvenile survival to six

months of age in 40 captive mammal populations
(Ralls et al. 1988).




Large
M !ron Mountain . .
e oon Paal reduction in

survival of
progeny from
selfing

compared to

O

LMY

Cumulative inbreeding depression

Frul

Fitness component

Inbreeding depression due to self 7% &
fertilization 1in monkey flowers '



Test for inbreeding depression 1n hatchery rainbow trout.

mother
Elottllllel’ S unrelated
rother male
Inbred Non-inbred
progeny progeny




@ Inbred

<Non 1n@
140

150
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Female

(O  Non-inbred

140 150 160 170 180 190 200 210 220 230 240
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Female Survival




Hatching failure increases with severity of population
bottlenecks in birds

James V. Briskie* and Myles Mackintosh

School of Biological Sciences, University of Canterbury, Private Bag 4300, Christchurch, Nevs Zealand
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CHAPTER 7

EFFECTIVE POPULATION SIZE

Effective population size (N¢) is one of the most fundamental
evolutionary parameters of biological systems, and it affects
many processes that are relevant to biological conservation.




EFFECTIVE POPULATION SIZE (V) 1s the
size of the 1deal population (V) that will result in
the same amount of genetic drift as 1n the actual
population being considered.

Ah=-1/2N

Effective population size is whatever must be substituted in
the formula (1/2N) to describe the actual loss in

heterozygosity.
Sewall Wright (1969)




Loss of microsatellite diversity and low effective
population size in an overexploited population

of New Zealand snapper (Pagrus auratus)

Lorenz Hauser®t, Greg ). Adcock™*, Peter J. Smith® Julic H. Bernal Ramirez*", and Gary R. Carvalho®

PNAS 99:11742-11746 (2002)

=V e e At 1940 1960 1980 2000

Orange roughy Census Pop Size (N)
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Ah=-1/2N

Why?

i d el i 3ced adcxhh
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Equal contribution
of 10 mdividuals

Equal frequency

of 20 alleles

Randomly pick
wo gametes

h=1-(1/2N)=0.95




Assumptions of Ideal Population
(1) Equal numbers of males and females.

(2) All individuals have an equal probability of
contributing an offspring to the next generation.

(3) Constant population size.

(4) Non-overlapping (discrete) generations.



_1/2N=1/(2 x 100)

[Ne= 1/(-2¢™ + 2)]

20 40 60
YEARS

Harris, R. B., & F. W. Allendorf. 1989.
Genetically effective population size of large
mammals an assessment of estimators.
Conservation Biology 3:181-191.



http://mountain-prairie.fws.gov/endspp/grizzly/pic22264.jpg

Unequal Sex Ratio




Non-Random Number of Progeny

(variance 1n reproductive success, V)

Question: What proportion of individuals do not
leave any progeny in an 1deal population?
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Galapagos finches
Ecology 73:766-784 (1992)
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Fluctuating Population Size




Reduction in N,

(1) Unequal numbers of males and females.
(2) Non-random reproductive success.***
(3) Fluctuating population size.***

(4) Non-overlapping (discrete) generations.

*** most important



What 1s Ne/N 1n natural populations?

8009 ¢ Y
sesecnsede S0 comprehensive

1-0

Frankham, R. 1995. Effective population size/adult population
size ratios in wildlife a review. Genet. Res. Camb. 66:95-107.




A PREVIEW: How large 1s large enough?

As a general rule, an N, of 50 1s necessary in the
short-term to prevent immediate harmful effects
of inbreeding, and an N, of about 500 1s necessary
to retain enough genetic variation 1n order to
maintain long-term evolutionary potential.

50/500 Rule

(Somewhat controversial)



